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NUCLEIC ACID ISOLATION . QUANTITATION. 

AND STRUCTURE PROBING 

Field of the Invention 
5 The invention relates to isolation, 

quantitation, and structure probing of nucleic acids. 

Background of the Invention 
Chemical and enzymatic probes used in nucleic 
acid structure probing react with, and typically 

10 covalently modify, specific atoms in the bases or 

phosphodiester backbone of nucleic acids. Any given atom 
in a nucleic acid may or may not react with a probe, 
depending on the specificity of the probe as well as the 
accessibility and chemical environment of the atom in the 

15 nucleotide. For example, dimethyl sulfate (DMS) 

specifically methylates Nl of adenine (A) , N3 of cytosine 
(C) , and N7 of guanine (G) , but only if those atoms are 
in a reactive state or reside within an appropriate 
structure. For example, Nl of A and N3 of C cannot be 

20 methylated if .the two bases ,are engaged in Watson-Crick 
base -pairing, because these nitrogen atoms directly 
participate in base-pairing hydrogen bonds, which 
preclude 1J DMS reaction... Thus, DMS reactivity at A and c" 
reflects the base pairing state of these residues, and 

25 can provide information about the secondary structure of 
a. nucleic acid molecule. V 

' Similarly, " "'reactive atoms in nucleic acids may 
lo^e'all .or part of their reactivity toward a modifying 
agent' when the nucleic acids bind to their ligands. For 
30 instance',' when a small molecule ligand.is hydrogen-bonded 

trogen atom will become- unre active 
towards DMS. Thus, structure probing not only generates 
detailed information^ about \ the conformation of nucleic- 
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acids, but can also provide .insight to the ligand-binding 

* " — L - - 

state of specific atoms within nucleic acid molecules. 

In some cases, an additional, post -modification 
treatment may be used to aid" detection of a covalent 
5 modification by inducing backbone strand scissions at 

.*.*....-" .. ^ . . — - — ■ --.■■'!"—.*;■■; ■* • ■ t - - .i . ' • • 

.... . i - • l 1 . . - . , ■* .4, . .. . . : . 

modified positions. For "instance, methylation of N7 of G 
by DMS and carbethoxylation of N7 of A and G by diethyl 
pyrocarbonate ( "DEPC" ) can be detected by creating a 
strand scissioiV at the "modi'f ied base™ by incubation with 
10 sodium borohydride and, aniline (for RNA) or pyridine (for 
DNA) 

_ „ - * » - + - ' ' "* « + 1 - ^ - - - - . 

Fig. 1 illustrates a conventional method of RNA 
structure probing using DMS as a probing agent . DMS 
modification disrupts base pairing between the modified 

15 template ribonucleotide and incoming depxyribonucleotide 
triphosphates during reverse transcription, thereby 
creating complementary .DNA ("cDNA") transcripts truncated 
at the modified nucleotides. The figure shows the 
transcripts "(SEQ ID NOS:2-5, '"7 and 8) generated by 

20 reverse transcription of a DMS -modified RNA (SEQ ID 

NO:l) . Chemical modification conditions are typically 
adjusted so that, on ^verage, no a more than one . 
mbdffi cation (or truncation) occurs per RNA molecule. In 
FigJ 1, all DMS modifications are shown on a single RNA 

2 5 molecule for convenience. To permit reverse 

transcription of the entire RNA molecule, a heterologous 
single-stranded sequence serving as a priming site is 
added to the, 3' end of the RNA. Three potentially 
interesting truncated fragments, i.e.,. those 

30 corresponding to A1408 (SEQ ID NO: 8) , A1492, (SEQ ID 
NO:3) , afid"A14 93 ( SEQ ID"NO:4) (that is, fragments 
starting at the adenine at nucleotide locations 1408. 
1492, and 1493) , are generated. However, due to the low 
rate of modification, the reverse^ transcription also 

35 generates a substantial^ amount of full-length .transcript 
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'(SEQ'ID NO:7) I'" Thus , signals 'generated by any particular 
truncated fragment will be obscured by those generated by 
the full-length and* other * transcripts . This signal 
contamination problem is commonly solved by separation of 
5 the ' transcripts by denaturing polyacryl amide gel 
electrophoresis ( "PAGE") . 



Summary of the Invention 
The invention features methods for isolating or 
isolating and quantitating specific target nucleic acid 
10 fragments (e.g., DNA, RNA, or DNA/RNA hybrids) from ' " 
mixtureis" of nucleic" acid fragments. 

"In one of these methods (i . e . , a hybridization- 
based selection method) , a non-target" fragment is removed 
by hybridizing ' it to an immobilized (an oligo can be 
15 initially immobilized or immobilized after hybridization) * 
"subtraction oligonucleotide" (oligonucleotides are also 
referred to herein' as "oligos" f "that Is complementary to 
a known sequence "present in the riori- target fragment, but 
absent in the target fragment. This removal step is 
20 repeated* to remove additional non-target fragments until ^ 
the known sequence in the target fragment becomes unique ~ 
* among" the' remaining fragments. Then the target fragment 
is specifically selected by hybridizing it to an \ 

. r. ' i v . * ... . u ^ ^ ; 

immobilized selection oligo that is complementary to the 
2 5 * Unique sequence. 

A" "unique sequence" is a sequence that enables 
the specific hybridization"/ and thereby selection, of a 
nucleic acid' fragment in' which it is contained. 

The nucleic acid fragments, including the 
30 target, can be products of a transcription reaction and 
can also include a signal -producing agent (e.g.", a 
radioactive isotope or a f luorophore) . In the new 
method, regions of hybridization or" complementarity* 
between the dligbs" and" their target sequences can contain 
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gaps, provided .that :ia sufficient iSase-pairing inte'raction 
is maintained to permit isolation . ' ~r. 

In "another new; method for nucleic ' acid - " ■ 
isolation and quantitation^^ e . - a* 1 ig^t'ion- dependent ■ 
5 selection method). , the^fearget iniclfeic acid fragment Vhas a 
unique, single;- stranded terminal sequence . In this 
• method, :a double strandfed : - Selection -oligonucleotide is v ' 
used. This oMgd "has I (-1") ^ f irst (i.e.,' top ~6r -upper)- . 
strand -including ~a protruding portion that complements 
10 the unique : terminal' -sequence of the target-/- and : a non- : 
>.protruding.:portion;^:'and (li)* a second -'<i . e . , "bottom or 
lower)' " : strand r that i's- 'complementary to the non-protruding 
portion. If desired, ^the two- strands can be eovalently 
linked. The double-stranded -region of the oligo cari'also 
15 be G/C richrto provide higher stability . 

To isolate-the target from a mixture of : nucleic 
acid f ragments in this method/ the mixture is-' incubated 
* w±th>vthe ' ol igo At'o^&l Soy^hybridi za t £^n-Betfo£%n *th£- " r *' 
protruding pba?t£oft and the unique terminal sequence ; The 
2 0 unique terminal sequence of the target is- then ldgated 
with the second strand of the oligo. Nucleic acid- ; — " 
fragments that are not- ligated to the second strand are 
rembved,- thereby- separating the target f ragment- -f rom -non- 
target fragments; " The amount of the recovered ? %argefr : v 
25 fragment " can be. measured ; to quant it ate the target- " - 
fragment . - - : '* 

In the ligation- dependent selection method, the 
target '-fragment can' contain a signal.-- producing agent, 
while r the. oldgb is-' "immobilized onto a solid surface via 

30 ^ one or ' both - of - it's!- strands . The signal- retained on the 
solid surface after nbn-ligated fragments* have been 
rembved then corresponds to the amount of the 'target 
present in the mixture. If the oligo is immobilized via 
its first strand, non-ligated nucleic acid fragments can 

35 .be removed 1 by'a ; semi-denaturing wash. - This 'wash * : " 
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denatures base-pairijjgf between, the protruding portion of 
the first strand and any other- nucleotide sequence, but 
maintains -base -pairing between* the. non- protruding portion 
of the first strand and tho: isecrond strand, in ia region - 
5.. (e.<g. , 2;. or ^more hasepa : irsh :P*f: tthe oligov . 1 

The oligo~can 3?e-;pao?t 6:£> ; .an .o.ligo array :in 
which each of the pligos is; ifn-^ofeilized -:at , a ..distinct and 
predetermined location ; -on : a .jsol;±d ^s^rrfjaoe ..' ± '[ 
r .-.Alternatively, the nuelieic.: acid.. fragment s-,,? - 

10 including -the target, can be im^o-bAli^edr^ while* rthe; ■ * 
double -stranded oligo.^is labeLed ; -^ith -a signal} .producing 
agent-. If the first strand i s 1 ahe le : d *, r non-llgat;ed . 

double-stranded pligos -pan ..he removed by a semi-;:c; . 
* denaturing, wash a§ -described above. - ; :: 

15 The new isqlafcion/quantitat ion methods 1 . 

described above, can be applied to nucleic acid structure 
probing*/ e.g...,, tp ; determine, whether a given /.nucleotide ; in . r J - 
a nucleic aeid jean-fee ; modjbf i§'€irb^o^lGhemieal .;or ; enzymatic 
probing . J i ; . e . , . modifying)^. . agent -.- T:£> achieve thi&.>/ -the .- 

20 nucleic acid is incubated with the : ;.modifying ; agent under 
conditions that allow modification of the nucleic acid. 
Subsequently, nucleic acid, fragments are generated from 
the incubated nucleic acid, where modification of , the 
giv.en. -nucleotide will result in a target .nuci^-ic acid 

25 fragment whose terminus corresponds... to the gAven-r~ / - T ' : 
nucleotide. The target fragment is then isolated-using 
the new isolation/quant itat ion rmethpds, wherein the 
presence of the target fragment indicate^ that the given* 
nucleotide is mqdified l?y the .modifying . v agent . When the 

30 nucleic acid fragments comprise a_ signal -producing agent;'-., 
the presence and amount of the . target : can be indicated by 
the signal detected after the target has been isolated. 

TO; generate the nucleic acid fragments from; the 
probed, (or modified) . nucleic acid, the probed nucleic 

35 acid can be .contacted with- a cleaving -agents that cleaves 
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nucleic acids only at an- appropriately modified 
nucleotide; a^Cern^avely^. -the .probed nucleic acid can.. be 
transcribed to generate .the nucleic acid- .-fragments-, -where 
the transcription terminates. : at ; any appropriately . :. ; 
5 modified nucleotide.-. If .^he*.. probed nucleic, acid, is an:...,: 
RNA, ? it can be degraded ^.ter- transcription- with an RNase 
to facilitate subsequent-, ..isolation, steps .r. < If the probed 
nucleic acid d^s. : .a DNA /;: the- transcription .step can be> 
repeated by. denaturing, a nucleic acid duplex formed- by 
10 the _ nuc.leic ;; acid ^template and its . transcript ,: -and ; 

annealing the template with a primer for' a new: .-round of- 
t ? a P s . cr ?-P tic ?y -tbis^wil.l -increase . the yield of single- . 
stranded nucleic . acid ivfragment.s .f or subsequent ' . 
isolation/quant itation. .-■ • 

15 - Tne new structure probing methods; can be- used, 

to determine, .whether a . compound can alter the reactivity 
of a given, nucleotide ..in ,a . test nucleic :acid toward, a. :. 
modifying agent..-. To. do^bis.,1 ..the. ftest: -.nucl=e£c •■=acjsd^is?.3- •. 
incubated with the compound, and .then . the modif. iability 
2 0 of the given nucleotide by : t he modifying: agent is 

determined. - A change in the modif iability of: the. given . 
nucleotide -following treatment with the compound ... . 
indicates that the compound alters the reactivity of the 
given nucleoside toward the modifying agent. For 
25 instance,, the ^compound wil-l : ; be found to increase the 

reactivity of. -the nucleotide, if; the "given nucleotide ..is 
not modif ied .without treatment of the compound and is 
modified following treatment .of the compound. .z-\ .. .. 
Conversely, ; the compound 1 will .;be regarded as being 
capable of. decreasing .^the nucleotide' s reactivity -if the 
nucleotide is ..modif ied -without the compound -treatment but 
is modified, with the treatment . 

The new methods are fully automatable. r In 
particular-, when used .in nucleic acid :probing, the new 
methods eliminate : the need for --.PAGE, and therefore the 



) . v 
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need for laborious human int'eirverition (e .g pouring, 
mounting,., loading, : running, ■ tend disassembling 

r 

.polyacryl^amide .gelO— Thus, the heW structure probing 
methods can 1 be readily cLdapted- -for - high -throughput 
5 nucleic acid structure prbb-ing 1 arid compburid screenings. 
.: >v; . . Unless otherwise; d^ih L ed/ ; '-^ and 

scientif ic, terms used herein- : have? r the -Same 1 meaning as 
commonly .understood by one of T dridanary skill ' in the" art 
to which -this invention belongs . 6 Altfiouglf methods and 

10 materials' 1 - similar or- equivalent t : b tMos'e described herein '"' 
can beuused- in -thfe practice or tetstiiig the 1 present " 
invention^ exemplary^ methods -and materials : are described 
below. All -/publications , includihg 'patent 'applications 
and patents, and other references -trfsrifeioned 1 "herein are - 

15 incorporated by reference in their entirety. J In case of -*? 
conflict ,;" the present specification, iriclttdinig 
def initions;, r wi 11 .control . -In addition, the -materials, * 
methr>dsi:p^and ^examples? are^ illustrative only^ahd not' - ; 
intended to: be < limiting. V ^ 'ocnoo sri:l dl:^ -o^- ;;:,r;.:. 

20 Other features or advantages of : the 1 -present- 

invent ion: will ba apparent from the following drawing and ,: 
detailed ^description, and also from the appending claims. >jr 



Brief Description of the Drawings 
i- r ;- .. Fig. 1 is a schematic diagram ill list rating a r - 
conventional method for T^NA structure probing. : - 

. Figs. 2a-2d are* schematic diagrams illustrating 

a substract ion- selection method 'for isolating a cDNA ' 
transcript of interest (SEQ ."ID -NO : 8 ) "■?•£ rotn -admixture "bf 
reverse transcription products . ■* Poly -represents the 
primer- (SEQ ID NQ:5) for reverse transcription, which is 
end- labeled with 32 P; " <>" represents biotih-streptavidin 
coupling; ".Bead 11 rand "Well" each -represent solid 
surfaces; and Vsupe V, refers to supernatant?; v Four 
exemplary cDNA transcripts (SEQ ID NOS : 3 r *r ; '7 , and 8) 
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are shown, with .the . one .truncated at A1408 designated as 
the transcript of interest (SEQ ,ID NO:8). 

■ ^ Fig. 3, is .a diagram, illustrating, a ligation- . ( 
mediated selection method. Symbols are the same as those 
5 described above fpr_Fig. 2... t „ ....... , 

Fig. 4 is a, diagram, illustrating, use of a , 
ligation-mediated, select ipp. methods (i.e., a differential., 
labeling method) 1 f.pr,. simultaneous quantitation, of 4- 
target nucleic acids.. "Bio" stands for biotin; "St" 
10 stands for streptavidin; "Fluor n " (n = 1-4) ..stands .for a 
fluorophore. emitting, at . ..a, distinct wavelength. - 

, Figs., 5a .and f 5b are. lists of sequences.. . (SEQ ID 
NOS:15r43„) . used, in ,an_experiment that characterized 
sequence specif icity. of . ligation... 
15 Fig. 6 is a schematic, diagram illustrating a 

new ligation-dependent selection method in which the - - 
selection, oligo is immobilized addressably in a re-usable 
oligonucleotide array. ... ./.'FlV stands, f or . a, .f luorescent 

labeJL.;, ba^s !C betwe,en ..i;ucl.eic acid sequences, represent.; 
20 base-pairing;, and wavy lines between the hexameric 

sequences and the substrates represent covalent linkages. 

Fig. ...7 is a schematic diagram illustrating a 

method of, probing multiple,.; (n) test RNAs using an . 
oligonucleotide iarray (mult i -wavelength array readout) . 

2 5 Each .test RNA is reverse transcribed with a primer . ...... 

distinctly labeled with. a fluorophore.. Bright squares in 
the a^ray represent oligonucleotides that have ligated to 
f luorescently labeled DNA transcripts. 

Fig. 8 is a schematic diagram illustrating an 

3 0 oligonucleotide array plate. The array plate includes an 

array, : of pins,-,each fitting into a well of a standard 
microtiter plate. The face of each pin cpntains an 
oligonucleotide array, which consists of addressably 
immobilized oligonucleotides (i.e., tags)-. . 
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1 " : Fig. 9A is a' schematic'' representation of the 

sequence of a test RNA (SEQ ID NO: 44) to be structurally 
probed. 1 DMS -methylated nucleotides are represented by 

(■) . ' ' - ' " / 

5 Fig. 9B. is a schematic representation showing 

the sequences (SEQ ' ID^OSi ^^'kndr 56 -64 ) 6f cDNA 
transcripts resulting f rom revise' tlr&ns'ciriipt ion bf the " * 
test RNA" (SEQ ID NO:44) of ~ Fi'g . x : 9A" # e arid ' thfe t6f> strand' 
sequences (SEQ ID NOS : 15 and 45-55) tif. thSsir" respective 
10 selection 61 igos . 1 ' ' 1 ' " " ' 

Figk . ' 10A-10D are ^schematics "diagrams' '• Vw '" - 
illustrating four variations of Sal rfybridizat ion- based 
selection" method in which the sttufcture of' a ? nucleic acid 
fragment is probed without transcription." 1 
15 - " ■ Fig." 11 is a" schemaitic diagram and flow chart 
illustrating a new, method for probihg the' ligand -binding 
: st : at'ie of a" test- RNA br DNA. The * probing i's~~ performed 
with* ^ micf system-/* which fac initiates' * 

purification v of " the - probed ' "tiu5£i±d u £c ilf :t ^ tf ojp ;,|J s-tsSiik 
20 for a rea'g£nt that stops the probirig reaction;* and ^ ir PPT" 
stands for precipitation. 

Fig. 12 is a diagram illustrating a drug 
screenirig protocol based on the method o'f Fig. 4. 
. 1 .:..:'.^.".7pj > g i ]_3 i s a 'diagram illustrating a new' 

25 ligation-dependent selection' method for dirug : screening . 
The ' screening Is performed with* a } microtiter f ilterplate 
■ system. "Stop 11 stands for a reagent that "Stops the 
probing reaction. ' ' * 



Detailed Description j • - 

30 *' ' * The invention features methods of isolating or 

quantitating ; (i.e., determining the presence and/or 
amount) a target' nucleic acid fragment contained in a - 
mixture of nucleic acid fragments (including those from a 
biological sample such as blood or tissue samples) . The 
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methods fall into. two related, yet .distinguishable 
categories: (t) hybridization-based selection methods; 
and (2) ligation- dependent selection methods.. All of 
these methods rely on the use of a selection 
5 oligonucleotide (/'oligp" ) that., hybridizes to a specific 
sequence in the target fragment^ 

A - L1 . .ol.igos.'used herein can .be. e.ither .single- 
stranded or double- stranded.^ Optimal conditions for . 
hybridization of oligos to target sequences can be 

10 readily determined by one. of ordinary skill : in the ar.t . 

General guidance is provided in Sambrook e.t a].. . Molec ular 
Cloning, A Laboratory Manual . 2nd Ed. .(Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York, 1989) , 
and Ausubel et al . Current Protocols in Molecular 

15 Biology, (Greene PublTsHing and Wiley- Inters cience , New 
York, New York, 1993). An exemplary hybridization buffer 
contains 50 mM Tris (pH 7.5), .10-1000 ,mM KC1.,.. .0.-50% .of . 
formamide; and incubation can be perf ormed. -.at ,4 -<60°C for 
1-100 minutes. Stringency of a hybridization -buffer can 

20 be controlled by varying, e.g., the concentration of. 
salt, formamide, or both. 

Oligos can be immobilized on a solid support 
prior , concurrent , or subsequent to hybridization.,. The. 
solid" support can be biological, non-biological r .. organic , 

25 inorganic, or a combination of any of these, existing. a ; s 

beads, strands , precipitates , gels, plates, ,etc ^ 

Examples of solid supports include, but are not limited 
to, agarose gel beads or columns, latex beads, plastic 
plates, and paramagnetic beads. Immobilization can be 

30 effected via., .e.g.., a non-covalent .coupling. By-way of 
example, biotinylated oligos can be immobilized onto a 
streptavidin or avidin-coated solid surface. 
Alternatively a covalent coupling can be employed. For 
instance, one can add a primary amino group to the oligo 

35 and covalently link it to a solid support derivatized 
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with a cros's linking agent such as ah (N- 
hydroxysuccinamide- )'-ester '( l|! NH3 -ester" ) . 

The new isdlatioh/quantitation methods are 
applicable to "nucleic acid structure probing, i.e., 
5 determination' of the reactivity of a given "nucleotide in 
a test nucleic acid toward" ~a 'mo&'if ying agerit . When *' 
structure prbbing i^ performed "iri* the presence of a 
ligaind (e.g:7 an inorganic or organic compound, another 
nucleic acid; a carbohydrate, or a polypeptide) or a 
10 potential l'igand of a nucleic acid, * "additional 
information can be obtained about the' biological 

functions of the nucleic acid and "Tigands thereof 7" 

• - - - • •-. .. ' * ■ -: i;i y . i. , y 

.» . ■ *— r ' '~ ■ ' " i'\ 

Hybridiz-ation-Based Selection Methods 

' * : "'The hybridization-based" selection methods of 

15 the invention afe used for ' isolating a target nucleic 

■ - * * . " "*'•■/ * "f 

acid "fragment from a mixture of nucleic acid fragments. 

The methods "ih'Cludfe two essential* steps : substruction 

, - - - 4 - .■ _ . -. • ■ - - ■ '• ; •* - . ":: z - ?af:oal:;nc, . • '. • * - 

and selection,- " * 

i ^ During : the ' subtraction step, a non-target 

2 0 fragment is removed by hybridizing it to an immobilized 

(including immobilizable) "subtraction oligo that is 

complementary to a sequence present in the non-target' 

f-r augment -But absent in the target* fragment/ Of ; course, 

multiple non^target fragments can "be* removed " "* ' 

tr 

• r ' — <• • * ." l " . * \ '.J 

25 simultaneously if they share that* sequence. * After" 
hybridization, the aqueous phase"/ which contains the 
target and other remaining non-target fragments, is 
separated from the hybridized fragments'/' "e.g. / by 
centrif ugation, "filtration, magnetic field/ *or washing, 

30 depending on how the 'subtraction oligo is" immobilized . 
The subtraction step is repeated, with different 
subtraction oligos , - if "necessary , until the target 
fragment has a- unique sequence among the remaining 
fragments. . 
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, During the subsequent selection step, the 
aqueous phase recoyere.d , f rom .the . subtraction step . is , 
incubated with „an ..immobilized selection qligo, which 
hybridizes to the . unique .sequence in the target fragment . 
5 The target fragment is. then^eparated f roip the . remaining 
fragments through .separation. of . the solid and aqueous 
phases, as is performed .in the subtraction . step . Of 
course, if t he T targ^t r . fragment, is. the only sequence left 
af ter the subtraction , step (s), , . the selection step., can be 

10 omitted .. . 

: 9iyen. transcript of. a .transcription 

reaction., such, as a primer;... extension reaction, . can be 
isolated by the new hybridization-based selection 
methods. See, e.g., Example 1 and Figs. 2a-2d. The 

15 transcripts generated by such a reaction are 

progressively 3,' -truncated fragments of. the full-length 
transcript... Lengths of the transcripts depend on where 

the nucleic, acid- polymer.asje. .stalls ..during ...the.. . .! t 

transcript ion, . prqceas . __I-f. .the transcripts, .are labeled 

2 0 with a signal -producing agent, .the amount of an isolated 

transcript can be quantified by measuring the level of 
the signal.- - , . - 

The ..hybridization-based selection methods . , . _ 
require, ; that r the sequences, involved, i.e., those, intended 
25 to be hybridized -by the selection or subtraction pi igo, . 
must be ; long enough (e . g preferably no fewer than, 6 
nucleotides r in length^ and distinct enough to permit., 
selective annealing reactions. 

Nevertheless, these methods are highly flexible 

3 0 ,in other regards... For instance, the target fragment as 

well as some non.rtarget fragments can first be isolated 
from the mixture by hybridizing them., to an. immobilized 
oligp specific for their, common sequence.. Subtraction 
and selection steps, are- then, performed, : -as described 
3 5 above, to i { soJLa.te the .target from those, non- target 
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fragments. Also, a target f:£agntent in any giveft 
selection step need not be limited to 'a single * fragment ; 
multiple fragments having a cdmrndn'*' sequence "can be s " 
isdiait^d tdgeither as a 1 target §irorip by "* a selection oligo 
5 complementary to the ' common '^eiguerice 

: ' ' Furthermore , "'"one dafi'" : de€6Ct * th^' : piresende ■ of , ' or 
quantify, ' multiple targets {reldted ' or - unrelated) 
generated' by different primeir : £xt6nsi6hs' in~ the same^test 
tube';' : To" do this, the targets' at-e^distiiibtly* 1 labelled by 
10 using distinctly labelled primers (e.g., dif f erent L J * 
fluorescent tags) during* primer ^xtfensloh*. Therefore, 
the targets do not have to be separated from each-other- 
for quantitation. 

EXAMPLE lP ' " r ' 

15 * ' " Figs". 2a-2d illustrate ^ : hybridizati6n-base : d : ~ 

selection method for- isbl&ting a cDNA transcript- o£ 
interest from*"a -"mixture' df 1 * re^^^ ?!? traniscrxption ■ ' * - 
product "£ . ' Among 'tHe 'f our eieWprary s d^A^1rah¥cr rpts : rr -^ ' 
shown, one is a full-length cDNA transcript ; ' 

2 0 (SEQ ID NO: 7) , whereas 1 the remaining three are truncated ■? 

at A14 08 (i.e., adenosine at position 1408; SEQ "ID NO: 8) , 
A14 92 : (SEQ : ID NO: 3) , and A14T93 (SEQ ID NO: 4) ,' ' 

"respectively. Since a 32 P end -labe led primer is J used for 

— f ... 

the 'r^eise transcription, each cDNA transcript ; i& "° ' j L - 
25 radioactive . " The cDNA transcript truncated at Al 4*0*8 is a 
target transcript (SEQ ID NO: 8) . Ttie " RNA template (SEQ ' 
ID NO:l) is degraded by RNase A after reverse * rJ 

transcription. ' ' 

A subtraction step is subsequently -performed to • 

3 0 remove any' transcript- that is longer than the target. In 

this case, the longer 1 transcript is the longest 
transcript of the reverse transcription.'- The subtraction 
oligo (5' -GGCGTCA-^' ) is biotinylated and : immobilized 
onto a st reptavid'rn- coated agarose bead (Sxgma)-. After" 



~ SUBSTITUTE SHEET (RULE 26) 

BNSDOCJD: <WO 9907890A1 I > 



WO 99/07890 



PCT7US98/16211 



annealing to the longest - transcript , - the bead is removed 
by various types of • filtration.- devices , . e .g, , ,a cellulose 
acetate filter. - ^ ........ 

The supernatant is then' placed in a. . 
5 ^streptavidin- coated mi qrptit t er : plate onto which a 

biotinylated . selection- plig_o>. 5/r-CACCTTCGGG-3 ' (SEQ .ID - 
NO: 10)- is immobilized^; -Af tear- the target- anneals to the 
selection pligp>. r: the; piatej is washed .with, for example.,, a 
buffer- containing 50 .ttiM, ? Tris (pi*. 7.5) , 100, mM rKQl,-' and 
10 40%.. of formamide. This -buffer is .stringent enough to 
remove nonspecific hybridization, but preserves the , 
specific hybridization between the selection pligo and 

the target . - - - - - . -. - •. 

------ ■ - . ^. t , . t \ „ 

Radioaetive ; signals retained. . on . the microti ter 
15 plate can be counted using a 1-iquid scintillation- 

counter, such as; a PACKARD TOPCOUNT instrument for,. 

* - * s . I 

quantifying the amount of the bound target/— • 

I All other,- 1 ransc ; r ipt ? x , ean : alsq : be i sol a ted and 
quantif i^d 3 in-the game s manner/ : . To do : so, : a selection - 
20 oligo that hybridizes to a -3'. terminal sequence in -the 
longest transcript is-, first employed to isolate, and, 
quantify that transcript. Subsequently, another ; ;r < 
v. selection pligo. is used to isolate and quant if y-^t-he. new 
longest transcript. Thus, with a series of bead-bo^tnd; 
25 oligos^ one, can - scan, from the longest to the shortest, 
f, the -entire family; of the reverse transcription products 
based , on their uni_que 3' ends , . , : 

Ligat ion-Dependent -Selection Methods 

•In; t^e; new ligation-dependent selection 
30 methods, a. target nucleic acid fragment with a single- 
stranded (ss) terminal sequence (ranging from, e.g., 2-10 
r ; nucleotides in length) can be separated from other 

nucleic acid fragments in a single selection .step by a 
: selection qligq. 
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-"•'* * : - The selection bligb** is- double -stranded (ds) , • 
'With- its upper 'or top strand 1 comprising (i) a — * ^ ' 
nonprotruding portion that complements to its lower- 1 or 
bottom strahd, and " J (ii)- a 5 or" 3~ r " protruding (i.e., 
5 single- stranded) pbrtion that- can 1 anneal to the' target's 
ss : 3 ' or 5' terminal • sequenced — It -as not necessary that 
the' entire protruding' port ibh- o'f the'-bli'gb- -atineals 
- perfectly -to the' -target-' s ss i terminal -sequence : ' < — 
mismatches are permissible, -fecP'-loiRj r as Tligat-ibrv between 
10 the oligb's lower- strand and the ^target 'fs ss ' terminal 
sequence - is possible after ahhea'llhg : (see Example 2 'and 
Fig. 3 described therein, irxfraf) . * * : Tn general; the first 
five nucleotides in the oligo's protruding portion, i.e., 
trie nucleotides "that are ""'immediately adj acent to the non- 
15 protruding portion, should be able to form Watson-Crick ^. 
base-pairs (i . e\. , -A-T, G-C, ; or A-U) with the 5 extreme 
terminal nucleotides ; in the - target r s ss terminal - : - 
^Seq&§riee9S i -'Of'^cetitsev -this .liumbdr -may : ^ary , depending on ;* 
various f &ct6rs -such 3s the -sequerl&'£3 SflvoIO-^edy • the - -'^p 
20 ligase used, and the ligation conditions'. - M For instance, ^ 
more than 5 -perfect base-pairs may be 'needed at the site 
of ligation, when the ligation is performed at a higher 
'temperature with use of a thermostable - ligase stich as Tag 

25 Subsequent to annealing, the target '"s ss 

terminal sequence is liga'ted to the oligo' s lower" strand. 
Ligation can be performed, for example; in 20 /il of -a - 
ligation buffer (e.g., containing 50 mM Tris pH 7.2, 10 
mM MgCl 2 , 5 mM DTT,.l mM ATP, 15% PEG,L4LG.6.Q.,:. 1 mM.; cobalt 

3 0 hexamine* chloride, iand 20 units of T4 : DNA ? Ligase (New 
England Biolabs-)-)* at- 37°C -f or 1 hour. For increased 
ligation specificity, thermostable ligas'es such as Taqr- 
ligase can also 'be used. Ligated target fragments can be 
quantitated separately -from the non -target -fragments - 

35 using techniques detailed later. Multiple "fragments -with 



BNSDOCID: <WO 9907 690 A 1 I > 



WO 99/07890 , PCT/US98/16211 



~- 16 - 

— t 

common terminal, sequences .can also, be quantified, as,.. a 
group. - , x . , .., ........ : , . , ; ; 

... The, characteristics obligation al-leviate the 
limitations ■ inherent in .the hybridization.-based .selection 
5 methods. This is because,, .ligation .effectively augments 
the specificity of nucleic, acid, hybridization with. the 
high specif icit.y. of, ligas.es for correct base, pairing 
around -the site_o£ : ligation. Thus, Jiybridization of. the 
selection oligo to undesired .nucleic acid fragments is 

10 harmless, as long as the terminal sequences of those 
fragments cannot anneal perfectly and ligate to the 
sticky end of. the oligo. Also, since ligation occurs 
only at the ends of ..nucleic acids, -it renders internal 
. repeats, of the 3 ' -.terminal sequences substantially. 

15 invisible. The high . specif icity of ligation reactions is 
evident in .the experiments shown in Example 4, infra.. 

Due to ..this high specificity, the ligation-. ... 
dependent selection methods. ..can -distinguish nucleic -acid 
sequences, that.^dif f,e-r by. .as . few as one nucleotide at 

20 their terminal - regions . For .instance., the only 

difference between a target .and an undesired .nucleic acid 
can be merely that the target has a different 3'. -terminal 
nucleotide, or is one nucleotide longer.. . . 

z - ; The , following, describes several variations .of 

25 the new liga t ion r dependant- selection methods.for 

separating ,a ligated .target .nucleic acid fragment from 
unligated non-target fragments. 

The Selection. Oligofs Bottom Strand is Immobilized 

*_ - If - the .selection oligo is immobilized onto a 
solid surface via its lower strand, - non- target nucleic 
acid fragments (which are. incapable of ligating to the 
oligo' s bottom strand), and the oligo' s upper strand are 
removed by. a.. denaturing wash (see Example 2, infra) . By 
way of example, the, wash can be performed- in- a- buffer 



30 
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' containing ' 7 M urea" and 1 0\ 5" : 'X* TBE/ ' (ii) 90% 

formamide, or tiii) 0 . 5M NaOH/ 3M NaCl at 55°C for 5 ' - 
minutes'. 'The target fragment" remain's' attached to the 
oligo's irrimolbilized lower strand" via a^covalent bond." 
5 ; - If the target hate' beerr labeled with a signal- 

producing agent ; 'Ce g\ ', a ,j f^di^aibt±ve or fluorescent 
agent, or an "enzyme that" catalyses' fluorescent' * 
reactions) signals r^tained^dn' r fche' imrhobili zed lower r 
strand*' after washing can ~b£ ' mea"slire v d to quantify the 
10 amount of" the' recovered target/*' 

The Selection Olrigo's Upper Strand is ^'Immobilized ' 

; ■ - - 1 ; Tf the selectroh oligo^is immobilized onto- a 

solid suppbrt vi-a its upper sttahdy there are two ways 1 of 

. , . . • . ^ . 

retaining the lighted target -on the' solid support. ™ 

15 The first way is to remove ^ by a semi- 

deilaturi-ng wash, nucleic acid -fragments that hybridize tor' 
r; tfe : ¥elect : icyiT 'oixgo dt ruxSifig %nd: -but -fail to "link to :* 

the ; oil go "covalerit ly . r This "wasfr, ^I?<3we4er f' 1 pr^1^rv^- : ' ::> - J 
base -pairing- between the upper and lower 'strands' ih. -at 

20 -least a part of -the selection oiigo. i: Thus, the target 

fragment is selectively 'retained on the solid surface,' t£ 
since it is anchored to the surface through a covalent 
bbrid wxth the oligo' s bottom"' strand, which remains base- 
paired : with the upper strand. "The -stringency of "the 

25 semi -denaturing wash depends on thfe stability ' of the 
base -paired region of thfe oligo itself , and' 'can be 
determined empirically using standard methods. For 
instance, one can start -by performing— 4&e-wash in- a 
buffer ^containing 0.5 X'TBE and 1 M : 'ure& at 1 55°C for 5 

30 minutes, arid adjust th : e~ buf f er composition (e.g., urea 
concentration), wash temperature, and/or wash : time to 
achieve the' best result. r - 

To enhance the base -pairing ~ strength iri the 
double- stranded" portion of the oligo) a* Gy^C' rich ' sequence 
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may be utilized, as the base-pair G/C is. more stable than 
the basepair A/T* or A/U . " " 

Alternatively, if the double -stranded oligo is 
unimolecular (e.g., having^a hairpin structure at its 
5 double-stranded end or being cross-linked at another part 
of the oligo) , a regular denaturing wash will remove ail 
of the unligated nucleic acid fragments, while retaining 
the ligated target. ..Sfe, for instance, the following 
formulae : 

10 GTGGiGNNNNNN- 3 ' - - - - Sol id surface (SEQ ID NO:6) 

CACCC-5' • ■ •• " 

GTGGGGNNNNNN-3 ' - - - - Solid surface (SEQ ID NO: 6) 

15 ( i mi 1 1 . . ' ' . ; " '. ;. (2 > 

CACCCCnnnnnnnnn - 5 ' (SEQ ID NO- 9)' 

Formula (1) shows a double -stranded oliqo with 
a protruding 3' end NNNNNN, and the oligo' s upper strand 

20 is immobilized via, e.g., its 3' end, onto a solid 

surface. Formula (2) shows that a target sequence, 3'- 
nnnnnnnnn-5' r hybridizes to the oligo' s protruding end and 
is ligated to the oligo' s lower strand. In both - 
formulae,, " ( » denotes a covalent link (direct or 

25 indirect) between the oligo' s two strands; and "I" 

denotes base-pairing. As illustrated in formula (2)',. the 
target sequence will be retained on the solid surface by 
the covalent link even after its base-pairing with the 
oligo is * disrupted. 
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The Selection Oligo can be Immobilized in an Array 

The selection oligos used for the ligation- 
dependent selection methods can 'be immobilized 
addressably, i.e., at a pre-defined location on a solid 
5 surface. Such a solid surface can have a high density of 
double- stranded selection oligos immobilized onto it, 
each bligo having a distinct single-stranded end and 
immobilized at a distinct, predefined location. Use o£ 

* j 

• — r 

such high-density oligo arrays enables . simultaneous 
10 isolation and quantification of multiple targets, each of 
which will be ligated to ah appropriate oligo. The 
amount of each target can be determined by measuring the 
signal it produces at the pre-defined location where its 
corresponding oligo is immobilized. 
15 Selection Oligos can be immobilized onto a 

solid surface addressably by* methods known in the art, 
e.g., those disclosed in U.S. Patents Nos . 5,445,934, 
5/5l : 0', ^7Cr, "S, 556, 752 , 5 , 143 , 854 ,- ** and S ,412 , 087 , and in 
PCT application WO 92/10092. As an example, the '854 
20 patent discloses a light -directed method of forming 

oligos on solid surfaces or substrates. In this method, 

predefined regions of a surface are first activated by a 

■ - . * : ; , 7- ... . -~ " 

light source, typically through a mask, much in the 

"manner of photolithography techniques used in integrated 

2 5 circuit * fabrication. The surface is subsequently 

contacted with a preselected nucleotide solution. Other 
regions of the surface remain inactive because they are 
blocked by the mask from illumination "and remain 
chemically protected. By repeatedly "activating different 

3 0 sets^ of predefined 'regions and contacting different 

nucleotide solutions with the surface, a diverse array of 
specific selection oligonucleotides is formed on the 
surface . 

To generate a selection oligo array for the 
35 present ligat ion-mediated selection methods, one can, for 
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instance, first • g ; enera : t^,- : the : top., strands of these oligos, 
with the 3' ends of the strands, linked directly, or- 

t 

preferably through a. spacer, - to. ^. solid surface. The. 
spacer should have, sufficient lepgth (e.g. , . .6 : -50_ atoms 
5 long), so as to allow, the. double- stranded oliaos to .- 

interact freely with, mplequles, exposed to the surface...,. 
The spacer can. be, , f t or j^ample, aryl. acetylene, ethylene 
oligos containing 2 - 14. .monomer units, diamines ,, diacids , 
amino acids, polynucleotides , . or -combinations thereof 

10 (see, e.g..,. U.,S.„ Patent v Np.. -5 , 55.6-, 752) ... 

After forming..o.ri the -surface the- oligos/ upper 
strands, each differing only in their 5' or 3' end, the 
common lower strand. of the double -stranded oligos is 
loaded onto .the support,, resulting in an array of double- 

15 stranded oligos, .with common -double -stranded portions and 
distinct 5' or 3 ss -ends. .. .. . . - 

'V-f ' • - - .... 

A mixture including -target nucleic -acid.-r ■ 
fragments can then J?e.~agplied to the, surf ace . r 7 The ^target 
f ragments .^are !^^a.Jl.ow^d F _to-- 1 ligate to .their, corresponding 

20 selection oligos via. their ss terminal .sequences , and are 
specifically retained on the surface by the above- 
described semi -denaturing .. wash (see also . Example 5,- 
infra)' . — • 

. The-, solid surface with the selection oligq,-^ 

25 array can be, refused after ridding the surface of non- 
covalently linked nucleic acids and reloading the lower 
strand of the oligos. 

-. Alternatively , one can generate unimolecular : 
double-stranded, selection. oligos (see, e.g. , U ; S, Patent 

30 No. 5, 556, 752). ... One exemplary unimolecular doubles 
stranded selection oligo is shown in formula (3) : 

» * 4 * 

5' - CATGGCCGCACC - L - GGTGCGGCCATGNNNNNN - 3. ' r So 1 i d Surface 

(3) 

(SEQ ID NOs:ll and 12, separated by -L-) 
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wherein- L is optional/ and represent^ "a" linker such as an 
alkylene group : ~of from about* 6* to' -about '24 carbons in * 
length, or "a polyethylene glycol 'group of from about 2 to 
about' 24 ethylene glycol monomers" in a linear- 
5 configuration. : The" nucleotrde sequences flanking L, 1 
which are G/C rich/ will arineaF'tid' each' other to form a 
double -stranded oligo' With a h'eScamer-ic 'protruding" end . * 
Af ter 1-igatiorf of a target fradjthent "to the lower" strand 
(i ,e : . the sequence left of "ij" : xn formula- 1 - (3) ; ; SEQ ID 1 
10 NO: 11) , a regular denaturing wash Wi'lT remove all nucleic v 
acids except the target fragment ;~ - ' ' 

; -The Target • Nucleic Aci'd is "Immobilized 
- ' The above - described : ligation- dependent 
selection methods can be modified to quantify a 'target 

15 nucleic acid fragment without separating it from other' 
contaminant nucleic acid "fragments in the mixture. To - : 
: '"acKieV^' l 'thi^/"the --nucleic a6id ^feracjments in th£ mixture-, -H 
instead -of 1 the' seiiecfeioh~alig^ ont'6- '-a ; " 

solid surface; Moreover, the lower strand of' the 

20 selection -oligo is labelled with a -signal-producing ■ 

agent: After the ligation step, unligated oligos or — 
oligo strands are removed by a denaturing wash. The"' 
level "of ^signals retained on the solid surface positively 
correlates to the amount of the target^present : (see 

25 Example 3, infra). " - : " ' ' 

If the upper, instead of - rower, strand of the 
oligo is labelled with a signal -producing agent, a semi- 
denaturing wash can be performed* to 'sfelect ively retain 
double -stranded oligos -that have ligated* tb J an 7 

30 immobilized target; if the signal-producing upper strand 
is linked to the lower strand covalently, a regular wash 
can be performed instead. 
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. EXAMPLE 2 
Fig. ~3 ^illustrates a, ligation-dependent 
selection method for quantifying a cDNA transcript of 
interest. Purely for illustrative purposes, . the nucleic 
5 acid fragments. (SEQ.ID NOS : 2 -5.,, . 7 , ..and 8) to be separated 
are depicted as^pro^uct^^of .a ; reverse ..transcription 
reaction, and. the template 5 are modified RNA molecules.., 
As described, aboye,^ nuclei c acid fragments to be,, 
separated t and , quant i f i.ed . in the present, method, ..need--.not . 
10 be related ,in sequence . . T _ 

The target .transcr.ipt r he?:e- is the longest one : , „ which has 
a unique 3 '. terminal sequence ,of 5 ' -TGACGCC-3 ' ... . The . 
selection oligo contains a^ highly G/C-rich hexameric 

clamp and a : 3' ^sticky end with the sequence of 5't, 

- - *■ ■ ■ * • * * * * ■ ■ - - - - " - , . •» r *. • . „i ■ ~ 

15 GGCGTCA-3.'. The bottom strand of . the oligo is_5' T -.. . ... ... 

phosphorylated. After the target anneals to the sticky 
end, a. ligase is addec^ to seal the nick between the 
target and , the. oligo/ M s. -Ipw^r. strand,- f , A aubsequent ^strqjig 
denaturdng : ..wash le .,a ; 8M urea. ..and .0.. 1 ; X. TBE. at 3I7°C) 

20 results in dissociation of .the top strand (SEQ ID NO: 13) 
of the oligo,. .making retention of the 5' -end labeled cDNA 
on th : e filter completely dependent on the .formation ...of a 
covalent .bond between the bottom strand and the cDNA, (SEQ 
ID NO: 14) ... 

25 EXAMPLE 3 

Fig. 4 illustrates a new ligation-dependent 
selection, method .for simultaneous detection of multiple 
target nucleic,- acid ^fragments . This method does not 

- +■ 

require separating, the target fragments from contaminant 
30 fragment s.. - y Ip thijs method, selection oligos (referred to 
below as "tag^ )■ for the, target fragments are each 
labeled with ; ^ : f luorophore (i.e., Fluor 1, 2, 3, or 4), 
which emits, at . a distinct wavelength (Molecular Probes, 
Eugene, Oregoii).. Preferably, the fluorophores selected 
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for use should have minimal -overlap of emission maxima. 
Useful f luoroph'ores include , but "are not limited to, 
BODIPYFL (EM = 513nmV, '4 ' , 5 ' -didhloro-2 ' , 7*' - 
dimethoxyf luorescein (Em = 550iim) 7 tetramethylrhodamine " 
5 * (Em '= 580nm) , and X-rhodamln^ tEm = 605nm) . 

' A modified ' RiTA is "re^e'irse ' transcribed with a ; 
5' -biotinylated ("Bio") 'primer; " 3 The : 'RNA component of the 
resulting RNA-DNA hybrids " is th6n" 'degraded' by incubation 1 
at '55°C toi 5-60 minutes with '10 1 units df "RNase A. 

10 Selection oligos each labeled with Fluor i, 2, 3, or 4 
are then added along with T4 DNA' ligase ancf a liga&e : 
buffer containing 50 mM Tris p"H "T. 5 /'* 10 mM MgCl 2 /'10 mM r ' 
DTT,1 mM ATP, 15% PEG 4000 / ahd ? i ; mM cobalt hexamine * ~ 
chloride. Each selection oligo has a* specific 3 '-sticky 

15 end sequence complementary to the 3 ' -end of a target 

After' ligation, streprtavidin-coated agarose 
^'i&iiSs "( v St ; ^) are added' to 7 imm6bi"l ike r the' cDNAs\ * " 
permitting- removal" of ' exceiss ; ; uhlig£fce<d se"3^'ctibn : 6ri : gb 
20 tags "as well as the oligo tags ' top strahds ' dviring the! - 
subsequent strong' denaturing wash and filtration steps. 

< 

Target cDNAs are thereby labeled and "retained on the * ~ 
-filter.' Signals emitted by these cDNAs are quantitated 
with a microtiter plate reader equipped to measure " - 1 
25 fluorescence signals at multiple wavelengths. 

EXAMPLE 4 

Figs. 5a "and 5b show the nucleotide - sequences used in 
an experiment that examined the specificity of ligation. 
A double -stranded oligo ("tag") was created by annealing 
30 the single -stranded "top" ( 5 ' GGAGAACAGGAAGGGGCACCTT- 3 ' ; 
SEQ ID NO: 15) and "bottom" (5 -CCCCTTeCTG , ITeTCC-3 ' ; SEQ 
ID NO: 34) oligos. ' The tag contains a hexameric 3' 
protruding (or sticky) end in the top strand, and the 
hexameric sequence is complementary to titer last 6 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9907890A1_I_> 



WO 99/07890 



PCT/US98/162I1 



v - 24 - 

nucleotides at ..the 3-'. end- p£ .the XS oligo (5'- 
GCACAGCCTTGTTACGACTTCACCCGAA<3GTG- 3 ' ; SEQ ID . NO : 3 5 )- . XS 

— * ■ — . - ' - . A .... .. * ' 

was labelled . with 32 P at .its , 5 i .end. 

The ligation reactions, contained 1 ng of XS 
5 oligo and a three-fold molar r . excess of tag in 20 ill of a. 
buffer; containing 50 mM .Tris. (pH - 7.5),, 10 mM MgCl 2 , 10 mM 
DTT, 1 mM ATP, 15% PEG .400.0, .,1 mM cobalt -hexamine 
chloride, and 1 Unit//xl T4 DNA ligase (New England 
Biolabs) . The react ions . proceeded for 1 hour at 37°C. 
10 The ligation products, vwere precipitated with ethanol, 

resuspended in a loading buffer containing 8 M.urea> and 
siz^-f ractionated on a -.denaturing .polyacryl amide .. gel . 
The gel was dried and exposed, to ,Xt ray film to generate 
an autoradiography - 
15 In a cpntrol reaction, where, the tag : was 

omitted, XS migrated to . the position indicated as... "XS" in 
the. gel , as shown . in. the autoradiography ..However , . when 
the tag was . added, t p„ tl^e , : react ion , „ approximately; ,25%- of 
the XS oligo shifted up to a position corresponding to 
2 0 the, covalent addition , of the bottom strand of the tag to 
the rXS oligo. . , _ 

Sequence sensitivity of ligation was, 
investigated by mutating, each of the six nucleotides at 
the tag's 3' prptruding, end. In total, 18 such ..mutants 
25 (SEQ ID NOS > :JLj5-- 3 3 ).,- were-generated , three for each, of , the 
six positions, (Fig 5 top-> where nucleotide -mutations are 
framed) . r The data showed that the ligation reaction 
required correct base-pairing at positions 1 through 5, 
and that ligat^ipn, ^between. XS and a .mutant oligo was 
reduced- by at. l.^ast one hundred fold. However, when the 
•XS oligo ; was mutated so that perfect base pairing was 
obtained for those positions (SEQ ID N0S:35--43), the 
ligation efficiency was -restored to a -normal level. In 
contrast, .no specificity was evident at ^position 6. . 



30 
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Finally, the datat "also show that ligation is 
highly sensitive to the 'length'" b*£""the y terminal 
sequence (i.e., 5 ' -AAGGTG-3 r ) 'of XS that ' complements to 
the protruding end of : the t ag" r ~ Ligation was undetectable 
5 when' that } terminal sequence "was either 'lengthened by one 
■ : base ' ( i .-e 1 . , 5 ' -AAGGTGT- 3 ' in r XS+i : ) or "shortened by - one 
. base (i .e: , : '5' -AAGGT-3-' in XS^'i) / " " 

? - *- ^ r t * - " \ ■ - 

* 

- Fig': 6 illustrates a -ligation- dependent 
10 selection method in which a seiectibn oligo is * ' " • 
immobilized via its upper J sfcrairid^ohfco !: a " solid surface ' 
("Substrate"). This method "-uses' k "two-dimensional array 
of pre -immobilized double -stranded oligos 7 . Each J oligo 
has a unique 3' hexameric single- stranded £nd for - 
15 distributing labeled target "ndclei'c acid fragments. The r 
' distributed*" target" fragments*" are ^ then quant itated by *z 
: iliutni v na : ti^ ; arid~- optically" scahhirig- the'- surface* of the -r 
array.' - 

The nucleic acid fragment is" to' he separated : are ; 
2 0 obtained by reverse transcription of a modified RNA using 
a fluorescent- labeled primer.* The RNA component of the \ 
'resulting RNA-DNA hybrids is degraded as described above.. 
The 1 ' cDNA transcripts, T4 DNA : : ligase', *knd l'igase buffer 
are then mixed and incubated with'* the oligo array/' After 

2 5 an hour of incubation at 3"7°C, : target cDNAs ; are 

specifically ligated to matching oligos' in ! the two- 
-dimensional array. — - - ;1 - ' 

Next, a semi -denaturing wash -is performed in a 
buffer containing 1M urea and 0.1 X TB!E a't 1 3 7°C: The 

3 0 washing conditions are adjusted to disrupt hexamer-cDNA 

base pairing, whiie leaving at least a portion of the 
- oligo' s own double -stranded region intact. - This wash 
makes retention of the cDNAs on the array strictly ■ ■ 
dependent on the formation of a covalent bond between the 
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5' -end of the oligo' s bottom strand and the 3 '-end of. the 
cDNA. * * ".' . 

At this, point, . the array, .may be illuminated and 
optically scanned. After readout , the array is recycled 
5 by (i) subjecting it to a strongly denaturing wash which 
removes the ligated, bottom strand from the immobilized 
top strand, and (ii) ^r^Lpsding a new bottom strand to the 
array. 

v.' "i * . . t . * . 

. ' . ..... . ■ ». -f-- 1 * .... _ . .» 

. EXAMPLE 6 

10 As described in Example 4, supra,. T4 DNA. ligase 

typically requires that . the five 3' (or-B'). terminal: -.. 
nucleotides of a DNA fragment base-pair with the. 3'. (or 
5') sticky end of a .double -stranded oligo at- .the. ligation 
site. Based on this specificity, the procedure described 

15 in Example 5 will allow the identification of 1024 (i.e., 
4 5 ) unique terminal sequences with., the. use - of . a single 
fluorescent labeh , ^ c^pa.qit^ .can b,e ; .increased,,,. . : 

however , s imply,, by. employing, .multiple i primers , . r each, 
derivatized with a fluorophore emitting at a distinct 

20 wavelength, as illustrated in Fig. 7. . 

Fig. 7 shows a number of reverse transcription 
reactions, each using a different modified RNA^template 
and a different primer distinctly labeled witb_a\.,_ 

* - * ■ * * * ?' • 

fluorophore. The.se, reactions, however, are performed in 
25 a single container (e.g., we.ll) . In other words,, .the 

transcripts from these reactions are all mixed together. 
The combined cDNA products of the reactions are then 
simultaneously lighted, to a random hexamer tag array,, as 
in Fig . 6 . 

30 Transcripts from different reverse . , - . 

transcription may ligate to . the same location in ..the - 
array. Yet, these .transcripts can be independently 
quantitated, if their fluorescent labels emit at - 
different wavelengths. Thus, scanning the array 
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sequentially at each wavelength" 1 will allow approximately 
n x 1024 pentamers to be independently reported, where n 

t* r 

....... . . , ... -? • 

"is the number of primers. The' main limitation on n will 
be the maximum number of " existing * different iable 
5 f luorophores . " ' ' K " ' " * ' 



'•' EXArtP'Lg "7 ■ ' ' 
Fig. 8 illustrates a method of using the oligo 
array described in Examples 5 and 6 in conjunction with 
microtiter plates. In this "method, the oligo's upper 
10 -strands are first synthesized on the faces of pins that 
fit'into standard microtiter 'plate" wells 1 The synthesis 
' utilizes conventibnal phos'phoramidite DNA* chemistry, with 
the" addition of "an initial' light -clirec ted coupling step 
to define the £ma:ll gedmetries required." 1 

- ;* ** * \ • 

15 : 1 ■ ■ Specifically, pin face's are first derivatized : 

with" "a photolabile primary' amirib group. Subsequently, a 
phoi£x5i"^l^^Ta.pK±c ' v ma.s}i' ''i^ us"ed'Td" expose*" a selected pin 
face' ^rea' to ri'ght, th'ereby ideprdtecting or' otherwise 
activating, th£* amino group within that "area. At this 

20 point, an activated phosptioramidite is' coupled to the' 
amino group, and standard DNA synthesis procedures are 
J employed "to couple and synthesize the DNA strand. This 

array "'of'* single -stranded DNAs is subsequently transformed 
■ to" an ^array of double -stranded oligo^ 'with a 5 v ^br '3' 

25 sticky ends by hybridizing the existing" array with the ds 
oligos' common bottom strand. 



Methods For Nucleic Acid Structure ""Probing" 1 

All of the above -described 
isolation/quantitatiori methods can be Applied to probe 
30 nucleic acid structures ; by determining the reactivity of 
a given nucleotide in an RNA or DNA molecule toward a 
modifying reagent . " - - *- 
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To achieve this, a plurality of the test 
nucleic acid molecules (fragments) are incubated with an 
appropriate modifying reagent to, allow the modification 
to occur under conditi,ons._ so r that . statistically no more 
5 than one modification occurs to, each, molecule. 

Subsequently^ these .test molecules are used as templates 
. for transcription, r which., terminates at any appropriately 
modified nucleotide If the nucleotide of interest has 

- . r ' . . *■» «-■•- i i - „ . . 

- . . . * . >.,<_. j. .... ■ ■ J J 

been modified, by the reagent a transcript ending .at that 

10 nucleotide^ wilL be generated; as a result, . the presence, 
of such a^ transcript indicates that the nucleotide is 
.reactive toward the., modifying reagent (s.ee,. e.g. .Fig. 
1). .That transcript can be the target for ..the 
isolation/ quantitation methods of the invention. ^ 

15 . Alternatively, test, nucleic acid molecules that 

have been treated with a modifying reagent can be further 
treated with a cleaving agent that cleaves nucleic acids 
where modified. _Cleaved fragments -corresponding r to a 
given modified nucleotide pan t be detected and quantitated 

20 by the isolation/qiiantitation methods of the invention. 

As described above, the hybridization-based 
selection methods . require that the sequences intended to 
be hybridized by the selection or subtraction, oligo must 
be long enough , (e : ,g . 6 or more nucleotides in. length) to 

25 permit selective annealing. However, when these methods 
are used for structure probing, this requirement, may not 
pose a signif icant ^problem. The base selectivity 
inherent . in chemical probes tends to reduce the impact of 
this, requiremfnt^.^ai^d^ the .requirement applies only to 

3 0 adjacent identical bases % Nonetheless, even adjacent 
identical bases can be. reported as a combined signal. 

Modification of Nucleic Acid Templates 
■RNAs.. can be modified by chemical and/or 
enzymatic reagents so that they can be .cleaved where 
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properly modified, ' or can serve as ' templates for reverse 
transcription "which terminates' at" any* appropriately 
modified nucleotide (Ehresmann* et al . , ' Nucleic AciUs 
Research, 15 : ' 910'?- 912% , 19^87^* Stern et al . Me thods in 
5 Enzymology. 164 :' 4 8*1 -"4 8 9 f 198B) 1 '. for example, Nl of A 

"* and' N3 of C can be' niodif fed" by J DMS; of G' and ' fc' bf U 

1 'by l-cyclbhekyl-3- (2-mbrphoiin6etfxyl) -carbbdiimide metho- 
"p-tbluene sulfonate ' (CMCT) ; ' arid L Nl" and" N2~ of G >! by 0- ' 
ethoxy-oe-ketobutyraldehyde (kethbxal) . '' These 
10 modifications "can all stall RTV 1 Modif i cation of 
phosphates of any nucleotides by ethylnitrosourea', 
rrtodif ication bf N7 of A by' DEPt:V'" l: "Wd"1nodiilcat'ioti : of ti7 
of G by DMS, "on the other hand are' ■ "not 1 sufficient to 
block DNA elongation by RT, but further chemibal 
15 treatment, such as reduction wi th sodium borohydride and 
a further * incubation with a base fani'line for "KNA/ and 
pyridine "for DNA), can be employed "to create strand 
breaks V " 'Additibnal modifying reagents "include, but are r ' 
not' limited to," bisulfite and'rne 
20 Enzymatic reagents, such' as nuclease SI , NeurOspora. 

crassa nuclease, and RNases Tl , "U2 , C13 ; T2, and VI, can * 
also be used to cleave RNAs at various specif ic ' sites 
"" " ' (see; '"e.g., Ehresmann, supr£) .*''*' 

Reagents for generating DNA modifications 
25 iticlucle, but are not limited" to, : DMS, pipeiridine " 

hydrazine, and KMn0 4 ~ ; (Sasse-Dwight et aT. /' Me ttfods in 
Enzymology, 2 0 8 : 146-168, 1§'91 ; ^Sambrbok" et - al . , supra). 
DMS modifies, among other sites \ Wl'bt G". When treated 
appropriately with piperidine 1 , the* "DNA 1 '"strand- becomes 
3 0 susceptible to cleavage at modiiied" X^s l J ' ScMnO;', "on the 
other' hand, modifies 1 primarily T and tb" a leaser extent 
C. Treatment of the modified DNA with alkali results in 
the conversion of the T residue to ui'ear™which is unable 
to be copied by a DNA polymerase. Base" modification or 
3 5 removal by hydrazine and piperidine ~a:r e~- ^fescrib"ed in 



9907890A1 l_> 



WO 99/07890 



t PCT/US98/J-6211 



.- 30 - 

detail by Sambrook et al. Aside from chemical compounds, 
enzymes such a's DNase . I and . rriicrococcal nuclease can also 
be used to generate DNA strand breaks,... 

DNA or RNA targets. -.can be modified in vitro -as 
5 well as in vivo. Jn_, vivo .DNA or -RNA targets include,, but 
are not limited to, bacterial ribosomal RNAs.,^viral RNAs 
such as HIV RRE and TAR in. human cells,, cellular RNAs 
such as telpmeras.e RNA, . and viral or cellular - .. ,,. 

transcriptional cis elements. If the chemical or .. - - 

\' - i it.' 

10 enzymatic modification is _to be performed in vivo, the 
chemical or enzyme of choice should be able to penetrate 
the cell, or it can.be delivered to the cell by well . 
, known techniques such as liposome fusion, erythrocyte 
ghosts, or microsphere (microparticles;. see, e.g.., U.S. 
■ 15 Patent No. 4,789,734). 

Transcription of , Nucleic Acid .Templates 
Transcription procedures using DNA \ or RNA -as a 
template are well-known in the ,art v (s.ee ; , e.g, Sambrook et 

20 al . , supra) . ; Transcription of RNA templates -.utilizes 

reverse transcriptases which extend a DNA primer from a 
position 3' of the RNA Region to be monitored. To 
facilitate subsequent ..hybridization between .the ceDNA - 
transcripts and their corresponding subtraction -*or c * 

25 selection oligos, the RNA templates are preferably - - 
degraded after transcription. ^Degradation can be 
achieved by, for example, incubation at 5,5°C for 5-60 
minutes in the presence of 10 units of RNase A. 

Transcription, of .DNA can be accomplished by 

30 DNA -dependent .DNA polymerases such as Klenow fragment and 
Taq polymerase in primer extension reactions . • To : 
increase the yield of free transcripts (i.e. , .transcripts 
that do not remain hybridized to their templates) in.-, 
primer extension reactions, DNA templates can be 

3 5 repeatedly separated from their extension products by 
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Heat- denaturing/ and reV annealed to free primers for 
- another round ?Df primer extension, much in the manner of 
a polymerase chain "reaction; "a thermostable polymerase 
such as Tag- ('Hoffmann La-Roche) s , P'fu (Strategene) , or 
-5- VENT (New England Biolabs)* p~olyrfierase can be used for 
this purpose. ' l ' --- ---- - - 

Altiernatively , DNA - dependent RNA polymerases 
such as T7 RNA polymerase are'usescl. "These RNA 
polymerases require promoters , 1 but hot pirimersr, for 

10 transcription. The promoters ^ which "are double- stranded" 
(e;g. , 10-20 base-pairs) , can be attached to a template 
region by standard cloning techniques. for "instance, a 
partially -double - stranded DNA construct can be made which 
include's' a shbrter top DNA strand " containing a promoter 

15 sequence, and a longer bottom strand containing a'" 

complementary promoter sequence and a template sequence. 
> ^Signal^produding- reagents such as radioactive 
r isotopes 0 (e~ ; : g : . ,: : ' 32 p l and ; ^S) i'~ f iuc>re scent r reagents (e.g., 
fluorescein, phycoerythrin, TexSs^ed^^dr " ' 

20 Allophycocyarfiri) and' enzymes catalysing fluorescent 
reactions ' fe . g . : , horseradish peroxidase and alkaline 
phosphatase) can be incorporated^ irito transcripts in 
multiple -ways . For instance , the ' reagents ' can be used to 
label the oligonucleotide : primers,- or to -label' 'certain 

25 deoxyribonucleotide triphosphates ' (e.g.* , 32 P-dCTP or 35 S- " 

r 

dATP) . Methods for detecting 'radioactive or fluorescent 
signals are well known in the art. ' 

I 

•• ' -EXAMPLE 8 " • ~ 

" '' " ■ ' Figs. 9A and 9B illustrate ah "experiment that 

3 0 demonstrates the high specificity of ligation in a new 

structure probing" method . The results shown in Example 4 
were extended in the experiment shown ^in this example. 

In this example, cDNAs generated by reverse 
transcription of a fiMS-modified RNA" ; (SEQ ID' NO : 44 ) were 
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ligated to specific selection oligo tags. Fig . . 9A shows 
the secondary 'structure of the RNA. with sites - of DMS . 
methylation indicated by .filled squares .(■) . The 
modified RNA was reverse transcribed, from a site 3' to 
5 the structure shown, with t a_. 5 ' -end labeled primer using , 
standard reaction conditions. cDNA products . 
(SED ID NOs:35 and 56-64) are listed in . Fig . 9B . The RNA 
template was degraded after transcription by incubation 
at 55°C for 15 minutes with 10 units of RNase A. 

10 Selection ojLigos ,(10 pmoles) for each of the 

cDNAj^ and 2 0 units of" T4- DNA ligase (NEB) were added 
directly to the RT reaction mix (10 ul) after the 
reaction was stopped. The final ligation reaction. mix 
was 20 fil in volume and.was in a. IX ligation buffer (100 

15 ttiM Tris pH 7.6, 10 mM MgCl 2 , 10 mM DTT, 1 mM ATP, 15% PEG 
4000, 1 .mM cobalt hexamine chloride) . The- selection 
oligos' bottom strand (,SEQ ID NO,:34). was, identicals to.. 

that shown in Fig. 5 A., and. the oligos ' top. s.trand. 

sequences (SEQ ,ID NOs^: 15 and : 45-55) are_shown in. Fig.~9B. 

2 0 The negative controls of this experiment were (i.) reverse 
transcription of unmodified RNA (K) , and (ii) ligation of 

the modified RNA without any selection oligo. 

After 1 hour of incubation at 37°G, ..ligation 
products were precipitated by ethanol, resuspended in, a 

25 loading buffer containing 8 M urea, and size-fractionated 
on denaturing polyacryl amide gel . As shown in an 
autoradiography of ., the gel , the cDNAs corresponding to 
modification of.C14„07, A1408, A1492, : and A1493 were 
approximately quantitatively ligated to their respective 

30 tags, as the bands corresponding to their unligated 

cDNA's were strongly depleted. Meanwhile, new bands . - 
appeared at positions corresponding to the addition of 
the 16 nucleotide bottom strand of the tag to its . 
respective cDNA target,. This, addition appeared highly 

35 specific, .since only cDNAs targeted by . the tag .were 
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depleted and shifted. Ligation ~6f tags to cDNAs 
A1499-A1503 was also "strong arid specif ic, but depletion 
was less evident, presumably ' because these cDNAs were 
present at much higher 'stoichiometrics . The remaining 
three cDNAs, i . e "I *, A1398, C1402,' arid ' C1403 were present" 
at much lower stoichibmetries ," ~ and their ligated products 
were not visible * on ' the gel. However, specific depletion 
of A13 98 was evident. 



EXAMPLE' 9" 

10 '* ' ■ Figs. 10A-10D show four ' modes or variations of 

a new hybridization-based selection method in which' a DNA 
fragment is structurally proved without transcription 

The DNA, which is labeled at its' 3' terminus, 
' is "cle5ved : with a backbone-cleaving enzymatic probe DNase 
15 I. "Figs. 10A-10D are distinguished by where the initial 
subtraction or' selection is made with respect to the 
targeted' position' f6r fragment at ion within the modified" 
DNA' (the targeted position is ihdTcatecL with the worci 
- "Quantitate"') ; ~ ' ' ' 

20 - in Fig. 10A, the 3' cleavage product 

- > , T , V , ^ * 

corresponding to the targeted position is quant it atedl 
The initial step immobilizes all' 5' cleavage products on 
"- bekd 1 l by a first subtraction oligo," leaving all 3 ' 
cleavage products in the mobile 'phase . 3' cleavage 

25 products longer than the target are 1 then removed from the 
mobile phase by their selective immobilization on bead 2, 
which contains a second subtraction' "oligo . " At this 
stage/ the target 3' cleavage product' 'possesses a unique 
5/ terminal sequence which can be selectively hybridized 

30 with a selection oligo immobilized on bead "3. The amount 
of the target product recovered on' bead 3 1 can 'then be 

* 

quant itated . - ........ 

In the variation shown in Fig.' "10B, the initial 
position "of subtraction is shifted to a "region 



i 
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immediately 5'^ to the , target, cleavage product .... ., This . . 
results in the: target product, being . the longest labeled 
fragment in the, mobile, phase., -eliminating the need for a 
second , subtraction, step . ; . . A, selection oligo immobilized 
5 on bead 2 is then, used- to,, select -the .target for 
quantitation., . - . „ 

, ; In, Fig. IOC/ . : t;he initial subtraction position 
:V is shifted again. to...n : a.;w overlap the 5' end of the target 
product -. The targeted product , as .well- as other ^products 

10 immobilized on Jpeai;l c , ; is .separated from the : mobile .phase, 
and. retained. The target product is now -unique,-, since it 
is the only immobilized -fragment without .any extra .5'. - 
sequences. The, otlie^. .fragments are ..then subtracted away 
from the t targe t t .via .hybridization between „ their extra. 5' 

15 sequences and a subtraction .oligo on,bead 2, which can be 
physically separated from bead 1. Beads 1 and 2 can, for 
instance, be : an agarose Jbead, .and a paramagnetic bead, 
respectively, so .that s , ; application - of a ^magnetic field can 
physically .regtrrain^Jbead 2 .while , bead : 1 is -aspirated out . 

20 -.. ,The .variation shown in Fig.-IOD is similar to 

that shown ir> Fig. IOC except that the initials- 
subtraction position wit t h,.bead 1 is 3 -shifted. - This 
results in the immobilization of all 3' cleavage: 
: products.- In thp second step, products longer than the 

25 target are removed ^ with, bead 2 as. illustrated in - » •■ 

Fig. 10C. - Finally, the tt , target product i : s ;: removed by bead 
3 from the shorter product, which is linked only to bead 
1 . . _ 

. .Similar.- steps : . can be performed to analyze a 
3 0 modified nucleic r acid fragment that, is labeled at its 5' 
instead of 3' end. . . 

Uses Of The Structure Probing Methods 

The structure probing methods of the invention 
can in turn be applied to determine whether a compound 
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cari'-alter the reactivity of ia : -given nucleotide in an RNA 
or DNA mol'ecule (fragment) 1 toward a modifying agent: For 
instance, if' a compound blocks 'the modification of ah 
otherwise 7 modifiable "hu'clebtlde \ 1 prime i** ektetision 
5 products that -terbrnate' at 1 -thaV riiffcleotide "will be absent 
or decrease in amount. Conversely, when a Compound 
■ enhances ^the reactivity of a nucleotide toward a 
'modifying agent, the" iamoiirit--~6'f 1 pirimeir extension products 
1 terminating : at tHat nucleotide^ -^wil-1 increase. Thus, the 
1-0 - hew structure 7 probing* methods : c an b& uk'ed : in the' - ,vr 
following exemplary contexts-: ft) 1 ^screening for !nux:lerb 
acid^binding -' compounds , -"(ii)"* aptamer -screening ^f or 
non-nucleic acid target^ , ■•(•iiij- —characterization "df 
Qualitative Structure-Activity ^elatidnship ( " QSAR" ) , and 
15~ (iv) regulatory network profil-ing. -tr, 

z Screening^ for " : Nuc3reit! l&cid- Binding Compotinds j; 

. r t:.:. IPHe *s t £ud 6ur e ^p^obirig^^ethtods - can ~lSe used to * r 

screen - r f o^ nueleie^aeid , : " * - 

•synthetic organic compounds, nucleic adids, ; -polypeptides '' f l - r 

20 and carbohydrafeels) - (see Examples 10 and 11, infra) , and 
to study" the interaction between'a nucleic acid- molecule 
and itsl-iigand. 1 - " ; - x - : 

\: structure probing provides highly detailed and 
direct" information -about nucleic acid reactivities and 

2 5 ligand binding- state . --^Furthermore its capacity to 
report on the order of, fdr example, n^x 1024 probing 
signals per well (with array readout' techniques) means 
that very long nucleic acid sequences > ,: or multiple short 
sequences, - can - be used as binding targeti' with no 

30 diminution in the quality of the information ! generated . 
Both of these characteristics are probably essential for 
successful screening for. sequence -specific -micleic^-'aeid 
binding compounds. ; 7 " 
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For example, a highly specific compound in a 
library might be expected to : recognize a nucleic acid 
target specified by 6 nupleptides. . Such a compound will, 
by definition, bind tightly, to only- one, or a few, 
5 elements out^of 4 6 = 4096 .possible , ones (each element 

containing 6... or more .bases), ... Since one cannot predict in 
advance which elements out of. the 4., 096 possible ones 
will be bound with high .affinity, it will be necessary- to 
examine a large fraction of them. This becomes, feasible 
10 with the new high- throughput structure probing methods 

which can generate up to. .approximately. 10 , 00.0 (i.e., 10 x 
1024, when 10 wave 1 engths are used) structure probing... 
signals per well, since 10 , 000 , signals, can- report, on, for 
example, 3,300 elements at 3 s i'gnals /element - 

r 

- *i ... , ~ ' ■.,»,'*'■ - * 

v . . _ „ . " . . ^ 

15 Aptame r Screening for Non-Nucleic. Acid Targets 

The new methods can be used to screen large 
numbers of compounds -Oe^g uucleic -,ac,ids, r , proteins , 
polysaccharides, and small ...organic, compounds) for their 
ability to bind to non-nucleic acid targets. Appropriate 

20 aptamers. are used in r lieu of. the .non-nucleic acid targets 
in these screenings . Aptamers are RNA molecules, selected 
from large random libraries on the basis of their ability 
to bind specific molecular targets (e.g., -proteins-,-..-,, 
lipids, carbohydrates,, steroids, nucleic acids, ..etc.)-. 

25 Aptamers are. "molecular mimics" in the .sense that . they 
effectively i,mitat^th<^ binding characteristics, of other 
molecules. For example, _if a receptor R binds, ligand L, 
then an aptamer ^selected., on ..the basis of its interaction 
with L might, be expected to.be mimicking the. region of R 

30 that binds L. This is particularly, true if one uses R to 
elute potential aptamers from L during the selection 
procedure.. ..For this : reason, , screenings of an R-mimicking 
aptamer against : compound libraries can be expected to 
id ^ntify .compounds that will also bind .R. In this, way, 
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aptamdr' screening effectively expands the range of 
targets amenable to structure probing analysis to all 
those for which an apt^mer 'exists. 

RNAs capable" of "binding* "to' a specific target 
5 can be* obtaihed by^ } fbf" example) the Systemic Evolution 
• * o*f "Ligahds ( by Exponential Enrichment ( SfiLEX " .) technique 

described in U.&! Patent Nbs ." K 5", 4757056 ; " 5 595,877, and 
- 5, 270/163, and Gold et ail'. Annut^'Kev! 'T&iociiem. , .64: 763- 
7^7/' : iS95 J . ' For instancdfV th'e' '16T patent describes a 
10 method'' in which a candidate mixture" of singTe-stranded 
nucleic acids having regions' of "randomized" sequence is 
contacted vith' J a~ target cbmpounctr those nucleic acids 
having' a higher aL'f"f J ihrty to the "target are partitioned 

. * T 

from the remainder bf the candidate mixture; and the 
15 partitioned nucleic acids are then amplified to identify.^ 
: a target"- bindi-ng nucleic acid'. " -~ 

, arr .^.j ^'^ ^af^tlr j zatf tan : Of -QgAR " Jl - : -^- e - - ' " - 

, / -c? ^fn^a^ci^t'x'onr ' t^ r Ww r ftWttiocfs balfloV usecf /tb C " 
char^terize : cb>mblna synthetic 
2 0 co'mpbunds who'se ^'functions are "unknown . To achieve this, 
" th ; e synthetic compounds are assessed for their ability tor 
"brrid a; : pa J riel of nucleic acid molecules, i.e. , their 
ability "to -alter reactivities of certain nucleotides in 
the "nucleic acid molecules toward 'modifying* agents . A 
25 . syntheti'c compound's nucleic acid-interacting profile is 
then compared "with the corresponding ^profiles of known 
compounds. ' A similarity in the profile between the 
■ -synttietic- compound and a - known*' compound indicates a 

similarity in function'.' Thiis , "there "are "two steps to the 
30 process: (1) screening known compounds to generate their 
nucleic 'acid-binding profiles; and' (2) screening compound 
libraries to find compounds with similar 'prof iles . 

With -the new methods, ;tip to appTrbximate'ly 
10 ; 000 footprinting signals can be generated for a single 
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compound (or group of .compounds) .in a single microtiter 
plate well. These" signals "constitute a nucleic acid- 
interacting profile for that compound, locating it within 
a 10 , 000 -dimensional structure probing space. This 
5 information may be combined with more traditional 
molecular indices to extract structure-activity 
relationships with well known statistical methods. 

An exemplary nucleic acid that can be used to 
generate such profiles is 16S ribosomal RNA ("rRNA") . A 

10 number of other RNAs , proteins, and drugs (e.g., 

spectinomycin, tetracycline, streptomycin and neomycin) 
have been found to interact 16S rRNA. If an unknown 
. compound has a substantially similar 16S rRNA- interacting 
profile as, say, neomycin, this unknown compound is then 

15 a likely substitute of neomycin. 

To enhance the diversity of nucleic acids' 
three-dimensional configurations, and thereby their 
usefulness, one can either covaiently derivatize, or 
noncovalently complex, more diverse molecules to them. 

20 For example, a nucleic acid target can be covaiently 
derivatized with a prbte.in, lipid, steroid, or 
carbohydrate moiety to increase the likelihood of 
generating a footprinting signal. One can also use 
nucleic acids with bound ligands (e.g., the decoding. 

25 region of 16S rRNA complexed with neomycin) to generate 
compound profiles., to probe for alterations of those 
binding interactions by test compounds. Similarly, 
aptamers can be used to increase the effective diversity 
of nucleic acid targets in such applications. 

30 in addition to synthetic combinatorial 

libraries, natural product' libraries, such as extracts 
from various' streptomyces fungi, can also be 
characterized as described herein. 
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Regulatory Network Profiling 
At any given time point, a determination of the 

- - . , ^ * - ^, '* t* f*' I ■ •"> f : ' ' ' . - 

occupancy or binding status of cis regulatory elements 
(DNA and RNA) in a cell or virus const itutes a snapshot 
of the state of its genetic regulatory network. 
Monitoring the network state can provide detailed 
information about how the cell or virus responds to 



external stimuli (for example, drugs, or growth factors) , 

: " v y •■. ; ; A " ' . ' . \. • . 

genetic alterations (such as oncogenic transformation) , 

10 or progression through the cell "cycle. Monitoring can be 

accomplished using the new structure probing methods to 

...<".- ~J . , . . ■ . ....... 

screen various cellular extracts (e.g., mammalian cell 
"extracts) against such a collection of cis-elements. For 
" instance \ ' to determine whether" a 'given promoter is bound 
15 by proteins following a drug treatment of cells, one can 
determine whether the drug treatment leads to alteration " 
of reactivity of selected nuclieotides in the promoter 
toward" a' 4 "modifying reagent sucK as DNAse" I . 



EXAMPLE 10 

20 Modified (or "probed") nucleic acids, or their 

corresponding cDNAs , can be generated using well-known 
laboratory techniques that are adapted to a microliter 
plate format. Fig. 11 illustrates one such adaptation 
for studying *RNA-ligand interaction, 

25 A nucleic acid-'ligand" complex is first formed 

r ...... j ... 

under "appropriate buffer conditions "in steps 1 and 2, and 
a probing reagent (e.g., DMS) is added in step 3. 
Specifically, an aliquot of approximately one picomole of 
a. ligand, such as the aminoglycoside antibiotic neomycin, 
30 is added to the well (step 1) . Then 100 )il of a binding 
mix containing 10-100 ng of an RNA 50mer target in 8 0' mM 
K-Hepes (pH 7.9), 20 mM MgCl 2 , 100 mM KCr/*'5% PEG 8000 is 
added (step 2) . After a short equilibration period of 
approximately 5 minutes at 3 7°C / 0.5 fil of DMS is added.- 
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The incubation proceeds .f.or 5 more minutes at 37°C 
(step 3) . " 

The probing ipcubLation is stopped by addition 
of 10 fil 3 M NaOAc and 3 00, ,/il ethanpl . The ethanol- : 
5 precipitated FNA is ; then .filtered, and. retained on the 
filter membrane (step. : ,3.) ... ; The. RNA is then either 
resuspended in a bufier... > (,step, 6a). , ,or transcribed into 
cDNA fragments with a„ polymerase C_step 6b) . 

The filtration, 3t : ep (and thus the plate), can be 
10 eliminated if the nucleic acid to be probed is 

immobilized in. .£ he ^ ^11- through the, use of, for example, 
biotin-streptavddin coupling Jn that case, the probing 
reaction can be stopped with a simple wash step.. 

r . EXAMPLE 11 

15 , - Fig,. 12 outlines a protocol, by which drug 

compounds ..are .screened for their ability; to bind and. .. 
protect ..a particular ^nuc-lepti-de in the ^RNA , target -from 
DMS jmodif icatipn. „The, protocol is based, on the . ~. - 
hyb.ridiz.atd on-based ^election method illustrated in . Fig . 

20 2, and is as follows. 

First, in. ( the probing ("footprint") reaction, 
the RNA of interest is biotinylated and immobilized onto 
the wells of a microtiter plate at 10-100 ng RNA/ well. 
Candidate drug compounds are ; then added to the wells in 
25 15-100 ./il of .a .buffer containing 80 mM K-Hepes (pH 7.9) 

and -50 mM KCl tq create a finding mix (steps- 1 : - and. 2) . 1 
/il DMS is then added, (step 3) .. After DMS modification, 
.the RNA is purified.,by washing the plate with an 
appropriate solution with TE (step 4) . 
3 ° Next,, the RNA is reverse, transcribed. A 32 P 5'- 

end-labeled primer is annealed to the RNA and extended 
wit^i RT by the . addition of the required components, of the 
:RT reaction (stfp'5),.. After reverse transcription, 
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RNases H, A, or Tl ' are added to th£~'*RT reaction mixture 
to degrade the* RNA template (step 6) . 

Then, in the subtVkttion/selebtion step, a 
subtraction oligo immobilized on a'garose beads is added 
5 to the reaction mix to ailbw hybridization between the 
oligo and its target sequence' (step' 6) . After' 
hybridization, the beads ^re removed by filtration. The 
supernatant is recovered and* trSnsf^rred to a weTl in 
another -micrbtiter plate 6batfed c with streptavidin 
10 (step 7) . " : " : "" " 

A selection "oligd is' tastS* added to the well 

p- i t 

' (step 8). This oligo is bidtiri^lated sd that , once 
annealed, the transcript of irit^^k-t (the synthesis of 
which terminates at the nucleotide of interest) is 

15 effectively immobilized -in the J well . All other (shorter;), 
transcripts are washed away wi'tfct "TE" or other appropriate": 
.buffers ; (step 9) . ■■ l The ;32 P signal & retained in the well 
- airer - t ri£n "* : eount e d : us i rig a : '- PACKARD ' TQPCOUNT ins t runten t ^ 
(step 10)*. -An' ab^dnce of J si , giia3_s ? , i: 'or a!' decrease in " 

2 0* signals as compared : to a* control c sample' whxch does not' t ; 
undergo the drug addition step, indicates that the- drug / 
compound is capable of blocking, or. partly blocking, ther 
'* chemical ■ modification of -t:he nucleotide of interest. 

J — t3 ' ' I - " . ' ■ ' • — • ■ • i 

' ' EXAMPLE 1-2 ' ' : ' /- : 

25 " Fig. 13 illustrates . a drug "screening protocol 

based on- the ligation-med'iated selection method with 
-differential labeling shown in Fig ; ; : 4v In this protocol, 

f r . ~ ...... 

drug compounds are screened 1 for their ^ability to bind to 
an RNA. • " '"*' 

30 Drug compounds are -first aliquoted into the 

wells of a microtiter" filter plate (step 1) . Target - 
RNA (s) "in- 100 /zl of- a binding buffer (80 mM K-Hepes (pH 
7.9), -1 mM- MgGr 2 , • 100 mM KCl) are *adde'd >: to. each well .-at a 
concentration of* 0.5 /xM (step 2). Incubation is 
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performed at . room , temperature for 5 minutes. 1-5 /zl DMS 
is then add^d "to each, well.,., and . incubation is continued 
for 5 additional minute^ , room- temperature .(step 3) . 
The reaction is stopped by incubation, with 10 /il of 0.3 M 
5 NaOAc and 3 00 ul ethanol for 5 minutes at room 

temperature y (step 4). r .Filtration of. the precipitated RNA 
deposits the . DMS -treated RNA. onto .a filter (step .5)...- The 
filtrate is discarded. ^ f 

A RT mix containing 7 . 5 ng of a biotinylated 

10 primer is then added . r to, re -suspend the RNA deposit on- the 
filter, (step 6) . The^RNA is incubated with the... RT,. mix 
for 5-30 minutes at. 37°C , for reverse transcription . . 
Subsequent to reverse transcription, RNase A is added,, at 
2-10 units per //I in 50 mM Tris pH 7.5 to degrade the RNA 

15 templates. The incubatipn proceeds for 15 minutes at 55°C 
(step 7) r . Next, a mixture containing fluorescence- 
labeled DNA selection oligos, ATP, and a DNA ligase is 
also adde.d, ..and, ligation, prpceejds at. -S.T-fG. f or . 1 f hour.,.;(step 
7 ; } f .. 7 The^^el-ecJii.on, Qligos. .are. added at approximately, a 3- 

2 0 fold,, molar excess, (e .g . , ^approximately .10 . picomoles each) 

to their respective cDNAs . 

: ^Subsequent :i to annealing and ligation, 10 /xl of 
streptavidi.n-cpat.ed agarose beads are added in- -a,. , ~ 
denaturing buffer containing 6 M urea in 0.5 X TBE to. 
25 immobilize the cDNAs and remove upper strands of the 

selection oligos (step 8) . The denaturing buffer used in 
this step .should be designed not to disrupt the 
streptavidin-biotin interaction. Filtration is used to 
remove everything except the immobilized cDNAs , which are 

3 0 then quantitated at different wavelengths with a 

fluorescence spectrometer (steps 9 and 10) . The peaks 1- 
4 in the graph at the lower right corner of the figure 
correspond to the different fluorescent labels of the 
four selection oligos. 
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■ ' - " " As used' in this Exafnple, top strands of the 
selection bligos i're gel -^uiri fifed' synthetic 1 DNAs . The 
bottom strands are gel-pdrif iecT and 5' -phosphorylated 
with a polynucleotide' kiriabe; 1 in addition, " the Bottom 
5 strands carry f ltcbafdphore moieties, which can be 

"' attached, e.g., at the 3 ' -end" by using amino z modif ied 
"oligo. The amino group forms a covalerit bond with a 
fluorophore molecule (available from Molecular Probes) 
carrying' an NHS-ester group; Useful fluorophores include 

10 BODIPY'FL, 4' ,5' -dichloro~-2 ' ,7 '' -dittethoxyf luorescein; 
tfetramethylrhodamine , and X-rhbdamine, all of which "are 
NHS -esters that will covalently crosslink to amino- 
modified oligos. ' . i- 

' 1 ' ' . other" Embodiment's " H 

15 " '■' It is to 'be understood "that while the invention: 

has been described in conjunction with the detailed" 

? 'description thereof, tfcfe fcrrfe^oing : ^dtesc2^i ; pti6n" is v ' 

• * . . ' . ?~ _ ^ _ . , -i 

inte'hded to* i'l^ the ; 

invention, which is "defined by the' scope of the appended"? 
2 0 claims . * " ■ 

f Other aspects, advantages, and' modifications jV 

are within the scope of the following claims. 
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What is claimed is:. 

.1 . . A method,. of v isolating a target ..nucleic acid 
fragment from a mixture, ..of nucleic acid fragments, the 
method comprising: 
5 removing a non- target fragment by hybridizing 

it to an immobilized subtraction oliqonucleotide that is - 
complementary to ..a sequence .present, in the non-target 
, . fragment but absent, in : .the„..target .fragment; >( . f ... , 

repeating the .removing step to ..remove ^ 
10 additional non- target fragments, until a known sequence 
in the target fragment .becomes unique among the remaining 
fragments; and . ... ; t . 

selecting the ^target, fragment by hybridizing.it 
to an immobilized selection oligonucleotide that, i^ , . , c 
15 complementary to the unique sequence. 

2 . , The met:hod ; of ..claim . 1 , r wherein the .nucleic 
. acid, fragments, including .,the; : target v are products, of,,a 
transcription reaction. ^ ...... «--. . 

3. The method .of claim 2, wherein each of the 
20 nucleic acid fragments , including the target, ..comprises a 
signal -producing agent. „- ^ ^. , . ... 



Z. J 



4 . A method of determining whether a given 
nucleotide iii : ,,a . nucleic acid is ; modified by a modifying 
agent, the. method comprising : r .- . 
25 . incubating the.- nucleic ^cid with the modifying 

agent under con<3itipns .that .allow modification of the 
nucleic acid.; 

generating nucleic acid fragments from the 
incubated nucleic acid, wherein modification of the given 

ts xn a target nucleic acid fragment 
whose terminus - correspond^ tq : the given nucleotide;- and 
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isolating the target "fir agment / if present, 
' using the method of claim '1 , ' wherein the presence of the 
target fragment indicates thkt the given nucleotide is 
modified by the modifying agent. d ' - - 

. . ... . - - ~ ■ ■ ■> - _ 

' t * ' * 

5 - 5. The • method* 'o£ -diWirn r *4 , wherein each of the 

nucleic acid fragments* comprises** a' "signal -producing 
agent, and the presence of "trhe~ target il fs indicated by the 
signal detecfed after -the isbtarting step:*""'" 



V, 



- ; - - -6 . The method of claim "4"/ wherein -the 
10 generating step comprises contacting the ihcubacted ~ r 
- nucleic acid with' a cleavin'g ^agent-ttiart 'cleaves nucleic 
acids r only at c a modified 'nucleotide . 

7. The method of claim 4, wherein the 
generating step comprises transcribing the incubated 

15 huc^e'Idr -acadT tfh£ trahsdriptiori i: terminatihg : at a 'modified^ 1 
nucleotide. - • 

8. The method of cia'inv 1, wherein the nucleic 
: - 'acid is an RMA, and the method -further comprises 

degrading the nucleic acid with an RNkse immediately 

2 0 following the generating step. 

■V- v r ,i ■: : .1-1- ; w A 

9. The method of- : claim- 1 , Wherein the nucleic 
acid is a DNA, and the generating' step*' farther comprises, 
after the transcribing step, -denaturing' a nucleic acid 
duplex formed by tH*e incubated L nucl^ercr* acid and its 

25 transcript, and annealing the incubated nucleic acid with 
a^ primer for another round of transcription. 

10/ A -method of determining -wifether a compound 
alters the -reactivity of : a- give~n nucleotide in a test 
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nucleic acid, toward a modifying agent., the method 
comprising: ' . 

incubating .the . test .nucleic acid with the 
compound; and 

5 determining. whether the given . nucleotide is., 

modified by the modifying agent, using the method of 
claim 4; 

wherein a . change in the mpdifiability of the 
given^ nucleotide f ol lowing r treatment with the compound 
10 indicates that the compound, alters, the. reactivity of... the 
given nucleotide toward, the modifying agent., 

11. A methp^.. of quantitating a target nucleic 
acid fragment from a . mixture of nucleic acid fragments., 
the target fragment . including a unique, single- stranded 

15 terminal sequence, the method comprising: 

obtaining a double- stranded oligonucleotide 
( "oligo" ) , • wherein, the. jD.-l.igo. coTnprises.-(i) a. -first strand 
.., comprising a protruding .portion, that complements the.. . 
unique terminal sequence, and a non-protruding portion; 

2 0 and (ii) a second strand that is complementary to the 

npn- protruding portion;.. 

incubating the mixture with the oligq. to. allow- 
hybridization between the protruding portion and. the, r . 
unique terminal sequence; 
25 ligating the _ unique terminal sequence. r .of the. 

target with the . . second strand of the oligo ; 

removing, .nucleic acid fragments that are not 
ligated to the second strand, thereby separating the 
target fragment from non-target fragments; and 

3 0 measuring the amount of the target fragment to 

quantitate the target fragment . 

4 _ 

r ■ - • * . ^ - - 

12. JThe method -of claim 11. wherein 

the target comprises a signal -producing -.agent , 
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the dligb'is immobilized onto a solid surface 
via one or both of its strands; and 

' the measuring st£p detects the signal retained 
on the solid surface, wherein a level of the signal 
5 corresponds" to the' amount of'the' target present in the 
mixture. ' k " - r 

13. The method of el'aim 11, wherein 
■" *' ' ■ the nucleic k'cid' fragments ,~ including the ' ** 
target; are immobilized 'onto a solid surface; 
10 the oligo is labeled ""'With" a signal -producing 

agent ; and 

-•+■'•' the measuring 1 ste^) detects the signal retained 

on ' the- solid -surface, whereiil ~a' "level of the signal 

corresponds "- to the amount of "the^ target ' present in the 

f - .- ■ - ' "if ■> 

15 mixture. L 1 



'*-- : *- s * ::: - w \ .c - T ^: ' m £ t hb ; d' of -' : "tftk ftft ' **1 iy wh%ire i n the' first * 
strand "and- 'the" secoiid 'strand 't^f ^h^^i%"t> q a^e ;/ 6^ii^ntly - 
linked . 



15. The method of claim 12, "wherein the first; 
2 0 ' strand' is immobilized, and " the ^removing step comprises 

incubating the -mixture with ; a "buffer that denatures base- 
pairing between the -'-V"" 

protruding portion and any ^other "nucleotide sequence, but 
that does not denature base?-p'a[i'rifi : g ' between 1 the non- 
25 protruding - portion and -the f second "strand in a region of 
the oligo ;* • 



■t r 



16. The method -of claim 15, "wherein the solid 
surface comprises a plurality ~of doubl'e- stranded 
nucleotide sequences, each of which, including the oligo, 
30 is immobilized at a distinct and pre ^determined location 
• On-the solid surface; * : ; V - ■ - 
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17. The method _of claim 15, wherein the region 
of the oligo is G/C rich. 



18. The method of claim 13, wherein the first 
strand is labeled, and the removing step comprises 
5 incubating the mixture with a buffer that denatures base- 
pairing between the protruding portion and any other 
nucleotide sequence, but that does not denature base- 
pairing between the non-protruding portion and the second 
strand in a region of the oligo. 

10 _ 19. The f met hod of claim 1.8, wherein the. region 

of the oligo is G/C rich. 



20. A method of determining whether a given 
nucleotide in a nucleic acid is modified by a_ modifying 
agent, the method comprising: 
15 incubating the nucleic acid with the modifyinq 

agent under, conditions that allow modification of the 
nucleic acid to occur; 

generating nucleic acid fragments from the 
incubated nucleic acid, wherein modification of the given 
2 0 nucleotide results in a target nucleic acid fragment 

whose terminus ^ corresponds to the given nucleotide; and 

quant i t a ting the target, using the method pf; 
claim 11, wherein the presence of the target indicates 
that the given nucleotide, is modified by the modifying 
2 5 agent . 

21. The method of claim 20, wherein the 

generating step comprises contacting the incubated 
nucleic acid with a cleaving agent that cleaves nucleic 
acids only at a modified nucleotide. 
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22. Thie method of "claim 20, "wherein the 
generating step" comprises transcribing the " incubated 
nucleic acid, the transcription terminating at a modified 
nucleotide. " 

5 " 23. The method "of claim 22, wherein the 

nucleic acid is an RNA, and the method further comprises 
degrading the nucleic acid with ail RHase immediately 
following the generating step. " ' J . ■ ■ 

24. The method of claim 22, wherein the 
10" nucleic acid is a DNA, and the generating step further 
comprises, after the transcribing" step , denaturing a 
nucleic acid duplex formed by the incubated nucleic acid 
arid its transcript, arid annealing" the incubated nucleic 
acid with a ' primer for another round of transcription. 



15 ,.r 25'. " A" method of " determining'" whether a compound 
alters the " reactivity' of a" given" nucleotide" ih a " test" ' : 
nucleic acid toward a modifying agerit, the method 
comprising: 

incubating the test nucleic acid with the 
2 0 compound; — and 

*' ■■"■"''"/''determining whether the' given nucleotide is 
modified by the modifying agerit, using the method of 
claim 2 0'; ^ ........ 

wherein a change in the mbdif lability of the'"' 
25 given nucleotide following treatment with the compound' 
indicates that the compound alters the reactivity of the 
given "nucleotide toward the modifying agent . 



v. - » 
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